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(54) Fluorescent lamp and luminaire with improved illumination light in a low color temperature 
region 



(57) A fluorescent lamp includes a phosphor layer 
containing a blue phosphor having an emission peak in 
the 440 to 470 nm wavelength range, a green phosphor 
having an emission peak in the 505 to 530 nm wave- 
length range, a green phosphor having an emission 
peak in the 540 to 570 nm wavelength range, and a red 
phosphor having an emission peak in the 600 to 670 nm 



wavelength range. The ratio h/I 2 of the emission peak 
energy h in the wavelength range of 505 to 530nm to 
the emission peak energy l 2 in the wavelength range of 
540 to 570nm is not less than 0.06. The color tempera- 
ture of the lamp is not more than 3700K. 
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[0001] The present invention relates to a fluores- 
cent lamp and a luminaire. 

10002] Recently, a tricolor fluorescent lamp having a 
phosphor layer comprising phosphors emitting blue, 
green and red is widely used for main illumination in 
houses and stores. 

[0003] in this tricolor fluorescent lamp, highly effi- 
c-ert rare earth activated phosphors are commonly 
used. Examples of commonly used phosphors include a 
b^alen europium activated barium magnesium alumi- 

£ ° Sph ° n 8 biva,ent eur °P ium **Vated 
strontum chlorophosphate blue phosphor, a trivalent 
cerium and trivalent terbium activated lanthanum ortho- 

9r6en Ph ° sph0r ' a frivalent ^ropium acti- 
vated yttnum ox.de red phosphor or the like. The tricolor 
fluorescent lamp has a higher luminous flux and a 
higher color rendering than a fluorescent lamp using a 
calcium halophosphate phosphor Ca 10 (PO 4 ) 6 FCI ■ Sb 
Mn which emits white alone, as a prSsphS "layer, so 

r^, ,S Wdely USed in *»*• of expensiveness 
[0004] The tricolor fluorescent lamp can create dif- 
ferent light colors by changing the ratio of blending of 
blue, green and red phosphors used in the lamp Fluo- 
rescent lamps for general illumination purposes can be 
clashed roughly into lamps in a low color temperature 
region of not more than 3700K. lamps in a medium color 
temperature region ranging from 3900 to 5400K and 
Sook" 9 h, ' 9h colortem Perature region of not less' than 

[0005] The correlated color temperature of the fluo- 
resced lamp affects the atmosphere of an illuminated 
space to a large extent. For example, it is known that a 
lamp ,n a low color temperature region creates a relaxed 
and warm afrnosphere, and a lamp in a high color tem- 
perature region creates a cool atmosphere 
[0006] Colors reproduced by a variety of light 
sources usually are quantified and compared based on 
the color rendering index (generally, general color ren- 

Q uZ2 d r ) h The 00,01 renderin 9 in ** 

quantrtaWely how faithfully an illumination light repro- 
duces colors, compared with a reference light. As the 
reference light, a blackbody radiation or CIE daylight 

as mat of the illumination light is used. 
[0007] At the present, the fluorescent lamps having 
a correlated color temperature of not less than 3900K 

ESTT* ^ USSd in h0Uses and «***• however, 
recently fluorescent lamps in a low color temperature 
region wrth a correlated color temperature of 3700K or 
ess are used increasingly, although gradually, in order 

9 L e,3Xed atmos P here " an illuminated space. 
[0008] However, the light color of the lamp ina low 

2£^3ES"* re9i °" With 3 COnrelated colortemper- 
Jure of 3700K or less is highly yellowish, and thecolor 
of an illuminated object is not so colorful, so that the 
object overall looks dull, even though the lamp is a tri- 



™ ^ amp having a high °° ior renderi "g 

«e a \? e O0lar 0f the i,luminated °bject looks 
less agreeable under illumination with a fluorescent 

, i?.! 1 3 k W temperafure region, though the fluores- 
s cent lamp has an equal general color rendering index 

£2L 4h " merefore - ^ *• fo^oing in mind, it is an 
o^ect of the present invention to provide a fluorescent 
lamp and a lunnnaire that can radiate illumination light 
io £T I, 00 ? 1 3ted COl0r tem Perature of 3700K or less 
IIS!" °* 30 i,,uminated ***« to 'ook 

222. ' eVenthou 9 h *» R 9"t color is in a low color 
temperature region, by making the color of the illumi- 
nated object more colorful. 

15 iS * 0,der 40 aChieve me oojeot. a fluorescent 
rZ ■ P L eSert ,nVent '° n inc,udes a P^phor layer 
STS?^ U6 Ph ° Sph0r **** ™ emission peak in 
fte 440 to 470 nm wavelength range, a green phosphor 
hav.no an emiss.on peak in the 505 to 530 nm wave- 
length range, a green phosphor having an emission 

SSS!^ 10 570 nm wavelen * h 

Phosphor having an em,ssion peak in the 600 to 670 nm 
wavelength range. The ratio \,n z of the emission peak 
energy |, , n the wavelength range of 505 to 530nm to 
m SnT™ " ^ ener9y ' 2 in the ^length range of 
2J£ J S 001 l6SS ° 06 - «« correlated 
"^ emperature of the lamp is not more than 3700K. 
0011] This embodiment provides a fluorescent 

S£l 3 °^ ^ tern P erature ^ion in which the 
colorfulness of a color of an object perceived under illu- 
30 minaton is improved. uroeriro 
[0012] (n the fluorescent lamp, it is preferable that 
fteratio l^of the emission peak energy I, in the wav* 
tengfri range of 505 to 530nm to the emission peak 

35 r e 5 n ' 2 thS Wavelen3th ran 9 e °t 540 to S70nm is in 
35 the range from 0.06 to 0.50. This preferable embodi- 
ment provides a fluorescent lamp in a low color temper- 
atore region in which the colorfulness of a color of an 
objert perceived under illumination is improved and the 
color looks agreeable, 

40 S?! 131 , ,ntneflu orescent lamp, it is preferable that 
fte color point of the lamp is present in a region where 
fte sign of the chromaticity deviation from the Planckian 
' S T"i th6 C,E 1960 UCS diagram. This pref- 
er S ! embod,merrt Provides a fluorescent lamp in a low 
« co or temperature region in which the colorfulness of a 

Z^JL^J 0 '"* PSrCeived "'"mination is 

improved further. 

£014] In the fluorescent lamp, it is preferable that 
fte color point of the lamp is present in a region where 
Chram i ti ^ de ^ ti °" fr omtheP,anckia? loc ^sS 
fte range from -0.007 to -0.003 in the CIE 1960 UCS 
diagram This preferable embodiment provides a fluo- 
rescent temp ,n a low color temperature region in which 
ss ,? m . ^ ° f 3 eotor of 30 ob i ect P^ceived under 

Sr ,s * further and * e co, ° r 'ooS 

E? J" the f,uoresce nt lamp, it is preferable that 
me blue phosphor having an emission peak in the 440 
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to 470 nm wavelength range is a blue phosphor that is 
activated with bivalent europium. 
[0016] In the fluorescent lamp, it is preferable that 
the green phosphor having an emission peak in the 505 
to 530nm wavelength range is a green phosphor that is s 
activated with bivalent manganese. 
[0017] In the fluorescent lamp, it is preferable that 
the green phosphor having an emission peak in the 540 
to 570nm wavelength range is a green phosphor that is 
activated with trivalent terbium. io 
[0018] In the fluorescent lamp, it is preferable that 
the red phosphor having an emission peak in the 600 to 
670nm wavelength range is a red phosphor that is acti- 
vated with at least one selected from the group consist- 
ing of trivalent europium, bivalent manganese and is 
tetravalent manganese. 

[001 9] In order to achieve the object a luminaire of 
the present invention radiates illumination light including 
a combination of emission lights whose emission peaks 
in the 440 to 470 nm, 505 to 530 nm, 540 to 570 nm, so 
and 600 to 670 nm wavelength ranges. The ratio \^f\ 2 of 
the emission peak energy in the wavelength range of 
505 to 530nm to the emission peak energy l 2 in the 
wavelength range of 540 to 570nm is not less than 0.06, 
and the correlated color temperature of the illumination 25 
light is not more than 3700K. 
[0020] This embodiment provides a luminaire radi- 
ating illumination light in a low color temperature region 
-in which the colorfulness of a color of an object per- 
ceived under illumination is improved. 30 
[0021] The luminaire preferably includes a light 
source and at least one selected from the group consist- 
ing of a transmitting plate and a reflecting plate for con- 
verting light radiated from the light source to the 
illumination light ss 
[0022] In the luminaire, it is preferable that the ratio 
\<il\ 2 of the emission peak energy Ij in the wavelength 
range of 505 to 530nm to the emission peak energy l 2 in 
the wavelength range of 540 to 570nm is in a range from 
0.06 to 0.50. This preferable embodiment provides a, 40 
luminaire radiating illumination light in a low color tem- 
perature region in which the colorfulness of a color of an 
object perceived under illumination is improved and the 
color, looks agreeable: 

[0023] In the luminaire, itis preferable thaMhe color. 45 
point of *e illumination lighfcis present in a region where 
the sign oWhe chromatics-deviation from'the PlaneWan 
locusts minus in the CIE 1 960 UCS diagram.* This pref- 
erable embodiment provides a luminaire radiating illumi- 
nation JightMn a low color temperature region in which so 
the colorfulness ofca color of an objecfcperceived under* 
iilumination-is improvedifurther: 
[0024] In the luminaire, ^preferable that the color 
point of»the i illumination light is presentfnwegibn where 
the chromaticity deviation frorruthe PlancWan locus is in ss 
arangefrom^.007. l to>0.003inthe CIE1960UGS dia^ 
gram. This'preferable embodiment provides a luminaire 
radiating", illiiminatibn light, in a low color temperature 



region in which the colorfulness of a color of an object 
perceived under illumination is improved further and the 
color looks agreeabla 

[0025] Thus, the present invention provides a fluo- 
rescent lamp and a luminaire that radiate illumination 
light having a correlated color temperature of 3700K or 
less that allows colors of illuminated objects to look 
more agreeable by improving the colorfulness of the 
colors perceived under illumination. 
[0026] These and other advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

Fig. 1 is a diagram showing a CIE 1964 uniform 
color space for explaining a color gamut area Ga. 
Fig. 2 is a CIE 1960 UCS diagram for explaining a 
chromaticity deviation. 

Fig. 3 is a cross sectional view showing an example 
of a structure of a fluorescent lamp of the present 
invention. 

Fig. 4 is a drawing showing an example of a struc- 
ture of a luminaire of the present invention. 
Fig. 5 is a graph showing the relationship between 
the ratio l-i/fe of the emission peak energy >i in the 
wavelength range of 505 to 530nm to the emission 
peak energy l 2 in the wavelength range of 540 to 
570nm and the increment of the color gamut area 
AGa with respect to a fluorescent lamp having a 
correlated color temperature of 3200K produced as 
an example of the present invention. 
Fig. 6 is an emission spectrum of a fluorescent 
lamp produced as an example of the present inven- 
tion. 

[0027] A fluorescent lamp of the present invention 
includes a phosphor layer containing a blue phosphor 
having an emission peak in the 440 to 470 nm wave- 
length range, a green phosphor having an emission' 
peak in the 505 to 530 nm wavelength range, a green 
phosphor having an emission peak in the 540 to 570 nm 
wavelength range, and a red phosphor having an emis^ 
sion peak in the 600 to 670 nm wavelength range. Fur- 
thermore, the fluorescent lamp allows the color of an 
illuminated, object to look colorful; although the- color 
temperature of -the lamp is in a low color temperature 
region of 3700K or less; preferably 3500Kor less.. 
[0028]; The colbrfulness of a color of an object per- 
ceived under illumination can be: quantified by a color 
gamut area on CIE 1964 uniform color space normal- 
ized to reference illuminant (hereinafter; referred to' as 
"color gamut area Ga") ; A= method' for calculating: the 
color gamut areaGawiWbe described with reference to 
Fig. T. With respect to test colors Nos. 1 to 8 used-inthe 
calculation of- a general color-rendering index^Ra/ color 
points of. colors reproduced; under illumination with a 
sample light source ,(f luorescerrt lamp) are, plotted in a 
CIE*1 964 uniform color space; and the eight color points 
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are connected by straight lines to form an octagon 
(shown by the solid line in Fig. 1). Then, the area thereof 
(St) is calculated. Similarly, an octagon (shown by the 
dashed line in Fig. 1) with respect to a reference light 
source is formed in the CIE 1964 uniform color space 
and the area thereof (SJ is calculated. A color gamut 
area Ga is calculated based on the areas s, and 
$2 according to the following formula- 
Ga = S 1 /S 2 x 100. 

[0029] The reference light is a blackbody radiation 
or CIE daylight illuminant having the same correlated 
color temperature as that of the sample light source 
The test colors Nos. 1 to 8 are color samples with vari- 
ous hues, which have mean Munsell chroma and a 
Munsell value of 6. 

[0030] The color gamut area Ga is used as an index 
indicating colorfulness of various colors on the average 
Ga of 100 or more indicates that the chromaticness is 
larger on the average than that of the reference source 
namely, the colorfulness is larger. 
[0031] The fluorescent lamp of the present inven- 
tion has a color gamut area Ga of 1 02.5 or more prefer- 
ably 102.5 to 120.0. When Ga is less than 102 5 the 
colorfulness of colors perceived under illumination is not 
improved sufficiently. When Ga exceeds 120 0 the 
colors of some illuminated objects look so colorful as to 
look unnatural. 

[0032] In the fluorescent lamp of the present inven- 
tion, the colorfulness of a color of an object perceived 
under illumination is correlated with the ratio of the 
emission peak energy I, in the wavelength range of 505 
to 530nm to the emission peak energy l 2 in the wave- 
length range of 540 to 570nm. In other words, as M 2 
becomes larger, the colorfulness of a color of an object 
perceived under illumination tends to be larger. 
[0033] In the fluorescent lamp of the present inven- 
tion, ^/Ig is set at 0.06 or more. When \J\ Z is less than 
0.06, the colorfulness of a color of an object perceived 
under illumination is not improved sufficiently. When 
h/l 2 is too large, the luminous flux may drop because 
the proportion of the emission in the wavelength range 
of 540 to 570nm, which is advantageous in terms of the 
luminous flux, decreases. When the luminous flux 
drops, the illuminance drops. Therefore, even if the 
color of an object look more colorful, the color does not 
necessarily look better. Therefore, it is preferable that 
li/»2 * not more than 0.50. More preferably, W 2 is 0.1 to 
0.35. 

[0034] Furthermore, the colorfulness of a color of 
an object perceived under illumination is correlated with 
a distance of how far the color point of the illumination 
color is away from the Planckian locus. The distance 
between the color point and the Planckian locus can be 
represented by the chromaticity deviation from the 
Planckian locus. The chromaticity deviation will be 
described with reference to Fig. 2. The chromaticity 
deviation from the Planckian locus is a distance (Au v) 
between the color point S and the Planckian locus in the 



CIE 1960 UCS diagram with a sign of - or + assigned. 
Regarding the sign of the chromaticity deviation the 
sign + is assigned when the color point S is on the upper 
left side of the Planckian locus (i.e., u is smaller and v is 
s larger than the point P on the Planckian locus that is the 
nearest to the color point S of the illumination light). The 
sign - is assigned when the color point S is on the lower 
right side of the Planckian locus (i.e., u is larger and v is 
smaller than the point P on the Planckian locus that is 
w the nearest to the color point S of the illumination light). 
[0035] In the fluorescent lamp of the present inven- 
tion, in the case where the correlated color temperature 
is the same value, as the color point of the lamp is far- 
ther away from the Planckian locus on the lower right 
is side in the CIE 1960 UCS diagram, namely, the chroma- 
ticity deviation from the Planckian locus becomes larger 
m the minus direction, the color gamut area Ga 
increases. In other words, the colorfulness of a color of 
an object perceived under illumination tends to 
so increase. However, when the deviation of the color point 
of the lamp from the Planckian locus is excessively 
large on the lower right side, the light color becomes 
close to reddish purple, and therefore it is not preferable 
for general illumination. 
25 [0036] Therefore, in the fluorescent lamp of the 
present invention, it is preferable that the color point of 
the lamp is located on the lower right side of the Planc- 
kian locus in the CIE 1960 UCS diagram, namely, that 
me sign of the chromaticity deviation from the Planckian 
so locus is minus. Furthermore, it is preferable that the 
chromaticity deviation from the Planckian locus in the 
CIE 1 960 UCS diagram is - 0.007 to - 0.003. 
[0037] Next, the structure of the fluorescent lamp of 
the present invention will be described below. Fig. 3 is a 
35 cross sectional view showing an example of the fluores- 
cent lamp of the present invention. A predetermined 
amount of inert gas (e.g., argon) and mercury are 
enclosed in a glass tube 1 whose inner surface is pro- 
vided with a phosphor layer 7. The opposite ends of the 
40 glass tube 1 are sealed by stems 2, each of which is 
penetrated hermetically by two lead wires 3 connected 
to a filament electrode 4. The lead wires 3 are con- 
nected to electrode terminals 6 provided in a lamp base 
5, which in turn is adhered to the end of the glass tube 

45 1. 

[0038] In the fluorescent lamp of the present inven- 
tion, the phosphor layer 7 contains the above-described 
four phosphors. 

[0039] It is sufficient that at least one blue phosphor 
so that is activated with bivalent europium is used as the 
blue phosphor having an emission peak in the 440 to 
470nm wavelength range. Typical examples thereof 
include a bivalent europium activated barium magne- 
sium aluminate phosphor (BaMgAl l0 O 17 :Eu 2+ ), a biva- 
55 lent europium and bivalent manganese activated 
banum magnesium aluminate phosphor 
(BaMgAJ 10 O 17 :Eu 2+ , Mn 2+ ), a bivalent europium acti- 
vated strontium chlorophosphate phosphor 
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(Sr^PO^eCI^Eu 2 *), or the like. 
[0040] It is sufficient that at least one green phos- 
phor that is activated with bivalent manganese is used 
as the green phosphor having an emission peak in the 
505 to 530nm wavelength range. Typical examples s 
thereof include a bivalent manganese activated cerium 
magnesium aluminate phosphor (CeMgAI 11 O l9 :Mn 2+ ), 
a bivalent manganese activated cerium magnesium 
zinc aluminate phosphor (Ce(Mg, ZnJAI^O^Mn 2 *), a 
bivalent manganese activated zinc silicate phosphor to 
(ZnSi0 4 :Mn 2+ )orthe like. 

[0041] It is sufficient that at least one green phos- 
phor that is activated with trivalent terbium is used as 
the green phosphor having an emission peak in the 540 
to 570nm wavelength range. Typical examples thereof is 
include a trivalent cerium and trivalent terbium activated 
lanthanum orthophosphate phosphor (LaP0 4 :Ce 3+ , 
Tb 3 *), a trivalent terbium activated cerium magnesium 
aluminate phosphor (CeMgAi^O^.Tb^or the like. 
[0042] It is sufficient that at least one red phosphor 20 
that is activated with trivalent europium, bivalent man- 
ganese or tetravalent manganese is used as the red 
phosphor having an emission peak in the 600 to 670nm 
wavelength range. Typical examples thereof include a 
trivalent europium activated yttrium oxide phosphor 2s 
(Y 2 0 3 :Eu 3+ ), a trivalent europium activated yttrium 
oxysurfide phosphor (Y 2 0 2 S:Eu 3+ ), a bivalent manga- 
nese activated cerium gadolinium borate phosphor 
(CeGdMgB 5 O 10 :Mn 2+ ) I a tetravalent manganese acti- 
vated fluoromagnesium germanate phosphor 30 
(3.5MgO • 0.5MgF 2 • Ge0 2 :Mn 4+ ) or the like. 
[0043] The blending ratio of the four phosphors can 
be determined suitably, depending on the types of the 
phosphors used, so that the characteristics of the fluo- 
rescent lamp as described above can be achieved. 35 
Generally, it is preferable that the content of the blue 
phosphor having an emission peak in the 440 to 470nm 
wavelength range is 1 to 20 wt%, the content of the 
green phosphor having an emission peak in the 505 to 
530nm wavelength range is 3 to 40 wt%, the content of <o 
the green phosphor having an emission peak in the 540 
to 570nm wavelength range is 5 to 50 wt%. and the con- 
tent of the red phosphor having an emission peak in the 
600 to 670nm wavelength range is 35 to 65 wt%. More 
preferably,- the content of the blue phosphor, having an 
emission peak in the 440 to 470nm wavelength range is 
1 to 20 wt%. the conterrt'of the green phosphor having 
an emission- peak in the 505 to 530nm wavelength 
ranger is 10 to 30"wt%, the r ? content of the* green phos- 
phor having, an emission peak in the 540 to 510nm 
wavelength range is 10 to: 40 wt%. and the content of 
the red phosphor having an emission peak in the 600 to. 
670nm wavelength range is 35 to 65 wt%. 
[0044] Next, a method' for producing a fluorescent 
lamp of the present invention will be described by way oV 
example of ;a method for producing a fluorescent lamp 
having the structure shown<in Fig. 3. 
[0045] First, a phosphor blend is prepared byblend- 



ing the four phosphors in the predetermined ratio as 
described above. The phosphor blend is mixed with a 
suitable solvent to prepare a phosphor slurry. As the sol- 
vent, an organic solvent such as butyl acetate, water or 
the like can be used. The mixing ratio of the phosphor 
blend and the solvent is adjusted suitably so that the vis- 
cosity of the phosphor slurry is within the range that 
allows the phosphor slurry to be applied onto the inner 
surface of the glass tube. Furthermore, various addi- 
tives, for example, a thickener such as ethyl cellulose or 
polyethylene oxide, a binder or the like, may be added to 
the phosphor slurry. 

[0046] On the other hand, a glass tube 1 is pre- 
pared. The shape and the size of the glass tube 1 are 
not limited to a particular shape and size, and can be 
selected suitably depending on the intended type and 
use of the fluorescent lamp. 

[0047] Next, the phosphor slurry is applied onto the 
inner surface of the glass tube 1 and dried to form a 
phosphor layer 7. This application step may be repeated 
several times. Then, argon gas and mercury are intro- 
duced into the glass tube 1 provided with a phosphor 
layer 7, and then the opposite ends of the glass tube 1 
are sealed with stems 2. The stem 2 has been pene- 
trated by two lead wires 3 connected to a filament ele- 
ment 4 beforehand. Furthermore, lamp bases 5 
provided with electrode terminals 6 are adhered to the 
ends of the glass tube 1 , and the electrode terminals 6 
are connected to the lead wires 3. Thus, a fluorescent 
lamp can be obtained. 

[0048] A luminaire of the present invention radiates 
illumination light that has emission peaks in the 440 to 
470nm wavelength range, the 505 to 530nm wavelength 
range, the 540 to 570nm wavelength range and the 600 
to 670nm wavelength range, and has a color tempera- 
ture of. 3700K or less, preferably 3500K or less, which is 
in a low color temperature region. 
[0049] The luminaire of the present invention allows 
the color of an illuminated object to look colorful. In the 
luminaire of the present invention, the color gamut area 
Ga is not less than 102. 5. and more preferably. 102.5 to 
120.0. 

[0050] In the luminaire of the present invention, the 
colorfulness of a color. of an object perceived under illu? 
mination is correlated with the ratio li/l 2 of the emission 
peak energy l 1 in the wavelength range of 505to 530hm 
to.the emission-peak energy^ in ^ e wavelength range 
of* 540 to,570nm and with the distance between the 
color point of the illumination light and the Pianckian 
locus: 

[0051 ] In the luminaire of the present invention, in 
order to improve the colorfulness of'a color of an object 
perceived under illumination sufficiently, l-j/l 2 is set at 
0.06 or more. preferably,*0i06 to 0i50; and'more prefer- 
ably,* 0.1 to 0.35. Furthermore, in the luminaire of the 
present invention; it is preferable that the color point of 
the illumination iighT is- on the lower right side of the 
Pianckian locus in the CIE 1960 UCS diagram;. namely,. 
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SU£n T ctrem8fi< % deviation from the 

SS£ h ,S minUS - Furtherm ° r e. it is preferable 
that the chromabcrty deviation from the PlancWan locus 
in the CIE 1960 UCS diagram is - 0.007 to - 0 003 
[0052] Next, the structure of the luminaire of the 
present invention will be described below. Fig 4 is a 

lumifrf i0 r n l WeW Sh0Win9 30 emb °d'™nt' of the 
lum.na.re of the present invention. The luminaire 
includes a luminaire housing 8. a light source 9 provided 
.n thehous.ng 8, and a transmitting plate 10providedin 

V£^?J M ? ° f the h0usin9 8 - ln ,um inaire. 
-ghtrad-ated from the light sourcegpasses through the 
bvemflng plate 10. and the transmitted light is radi 
ated to the outside as illumination light 1 1 
[0053] As the light source 9. any light sources can 

35 9 f. il radiates visib,e ■*» com P"' sin a a 

light component belonging to the 440 to 470nm wave- 
length range a light component belonging to the 505 to 

S STsZ £? ran9e ' 3 "' 9ht v™?™* bel ^i"3 

£Hf? WaVe ' englh ran9e > a "Snt com 

ponent belonging to the 600 to 670nm wavelength 

^ F& lfamP'e. various discharge lamps such as a 

t , !!h incandesce "t 'anp or the like can 

be used as the light source 9. 
[0054] The transmitting plate 10 generally is a 

member 0n 9lass » P^C and the 
spectral transm.ttance thereof is controlled, depending 
on the emission spectrum of the light source 9 used, so 
hat the illumination light 11 having the emission spec 
trum as described above is radiated. 
[0055] The spectral transmittance of the transmft- 

E 10 ^ 663 ^^™^ a subste noe that 
absorbs light ,n a specific wavelength range with glass 

SoSl a T *™ d int ° 4,16 *"«ttnB P'ate 1 0. 
[0056] As the substance that absorbs light in a spe- 
cie wavelength range, various metal ions, or inorganic 
« organic pigments can be used. Examples of the 

STJ 22* Cf (S470nm - in *» vicinity of 
esonm). Mn 3 * (in the vicinity of 500nm). F^(*550nm) 

2£7iT 700 nm) - Ni2+(40 ° t0 560 ™)aS* 

(400 to 500 nm), where main absorption wavelength 
ranges are in parenthesis. 

!S • .fT^ 01 1,16 inor9anic P^ents include 

£S nA o (C03 ir 04)2: 480 t0 """«■ coba * blue 
L « ^ 31 e520nm) ' ^ «*"*wn chromium 
blue W^A-Oft e5 20nm). ultramarine (NaT 

nT^n ' ^ s490nm )- cobalt green (CoO • 

^^^'^ Oto670nm )-oobaltchromiurr [green 
I^T*^? 3 ' Cr2 ° 3: S450nrn " s 00to670nm) ( titanium 
yeMow (TO2.Sb2O3.NiO2; S5 20nm). titanium barium 

(Fe 2 0 3 . S580nm). and red lead (PD3O4; S560nm) 
where general composition formulae ana main absoS 
tion wavelength ranges are in parenthesis 

SSL EXamf * < ? °' 4,16 0r9anic P i 9 ments in c'ude 
™ ^ com Pounds. phthalocyanine compounds, azo 

^ZL f: P , e ^ ene COmpounds ' Pyrropyrrolic com- 
pounds or the like. 
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EEL* SUrtabl6 Substance or substances are 
seized from among these substances depending on 
*e em.ss.on spectrum of the light source 9. and used 
atone or ,n combination, so that a desired spectral trans- 
5 mittance can be achieved. 

S n < '? ,hS 0356 " here ^ ^nsmitting plate 10 is 
formed of glass, generally a metal ion is used In this 

2? nXT T 56 d ° P6d Wit " 3 meM ion as a compo- 
rt ™h*h the9las t com P° si ton. ardthentheglasscanbe 

2?! a , deS ' red Shape 10 form 1,16 transmitting 
Plate, ft ,s preferable that the metal ion is added in an 
amount of not more than 15mot% of the entire glass. 
Emli m " C9Se * B Emitting plate 10 is 

Tl" al b6fore molding ' and the mixture 

21n !?■ 3 deSired Shape t0 form *» trans- 
mm.ng plate It ,s preferable that the pigment is added in 

. fooST ? T more ,han 5wt% 0f fte enSre P' a s«c 

H„ e Furtne 1 rmore " the spectral transmittance of 
ttie transm.tt.ng plate 10 can be adjusted by forming a 
tagrsucf >as a .plastic film containing the light absorb' g 
substance as desenbed above on the surface of qlass 
or plastic to be formed into the transmitting plate 10 

STT^ SPeCtra ' ^^nce of the Lin* 
ting plate .10 can be adjusted by applying a paint con- 
ta.n,ng the light absorbing substance as desert 

SUrtaCe ° f 9 ' ass or plastic 10 be formed 
into the transmitting plate 1 0. 

so [0063] Furthermore, in the luminaire of the present 
^ above-described fluorescent" lamp 
accordmg to the present invention can be used as the 
Jht source 9. In this case, it is possible to use a trans- 
3S «T 9 P Wh ° Se Spectral "admittance is substan- 
S WSible ran9e 38 816 Emitting 

to n L " fe P ° SSb,e to use a ^it 

ftng plate that substantially does not contain the light 

absorbing substance. 

[0064] Furthermore, the luminaire of the present 

22S?" n l ~ m MTO ,n "» embodiment l£ 
re^lerted from the reflecting plate is radiated to the out- 
side as illumination light. Alternatively, the luminaire 

J2? ?! SpSCtral ref,ect ance of the reflecting 
Plate ,s controlled depending on the emission spectrum 

hll!, IT S0Ur ° e US6d ' 50 4031 the "'"mination light 
so ^^ ernsSK>ns f >ectrum ^ bribed ab^e i^ 

^bead^edbymix.ngmeligrrtab^ir« S ubsta^ 
^^^""ed into the reflecting plate, or by 
forming a translucent layer containing the light absorb- 

se IS plate! 3 " 06 °" 3 t0 formed into *• *«* 
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Examples 
Example 1 

[0066] A plurality of types of fluorescent lamps hav- s 
ing different energy ratios li/l 2 of the emission peak 
energy in the 505 to 530nm wavelength range to the 
emission peak energy in the 540 to 570nm wavelength 
range were produced by using a bivalent europium acti- 
vated barium magnesium aluminate blue phosphor to 
(BaMgAI 10 O 17 :Eu 2+ ) (emission peak wavelength 
450nm), a bivalent manganese activated cerium mag- 
nesium aluminate green phosphor 
(CeMgAI^O^rMn 2 *) (emission peak wavelength 
518nm), a trivalent cerium and trivalerrt terbium acti- is 
vated lanthanum orthophosphate green phosphor 
(LaP0 4 :Ce 3 *, Tb 3 *) (emission peak wavelength 
545nm), and a trivalent europium activated yttrium 
oxide red phosphor O^OsiEu 3 *) (emission peak wave- 
length 611nm) while changing the blending ratio of 20 
these phosphors. All of the fluorescent lamps were 
adjusted to have a correlated color temperature of 
3200K and a chromaticity deviation from the Planckian 
locus in the CIE 1960 UCS diagram of 0. 
[0067] Each of the fluorescent lamp was evaluated 25 
visually regarding the colorfulness of various colors in a 
space perceived under illumination, and the increment 
of the color gamut area AGa was calculated. AGa is an 
increment with respect to the color gamut area (= 1 03.9) 
that is calculated with respect to a comparative sample. 30 
Herein, the comparative sample is a fluorescent lamp 
produced by using 6wt% of a bivalent europium acti- 
vated barium magnesium aluminate blue phosphor, 
43wt% of a trivalent cerium and trivalent terbium acti- 
vated lanthanum orthophosphate green phosphor, and 35 
51wt% of a trivalent europium activated yttrium oxide 
red phosphor. The comparative sample was adjusted to 
have a correlated color temperature of 3200K and a 
chromaticity deviation from the Planckian locus in the 
CIE 1960 UCS diagram of 0. 40 
[0068] The results were as follows. In the range of 
AGa < 2.5, the colorfulness of colors perceived under 
illumination was not substantially different from that of 
the comparative sample; whereas in the range of 
AGa*2.5; the colorfulness of colors perceived under 45 
illumination improved sufficiently. However* in the range ~ 
of AGa>12.5, some illuminated dolors looked so. colorful 
as to look unnatural. 

[0069] Fig. 5 is a graph showing the relationship 
between AGa and l^. The results shown in Fig. 5: con- 
firms that Ga increases with increasing 1^2; As shown 
in Fig. 5, the range of ^/fesOiOS corresponds to the 
range of AGas2.5, and the colorfulness of colors per- 
ceived under illumination improves sufficiently in this 
ranga However,- in the range oMi/fe >0.50 correspond- 
ing to the range of AGa >12.5, some illuminated colors 
look so colorful as to look unnatural: 



Example g 

[0070] A fluorescent lamp having a phosphor layer 
containing 4wt% of a bivalent europium activated bar- 
ium magnesium aluminate blue phosphor 
(BaMgAI 10 O 17 :Eu 2+ ) i 18wt% of a bivalent manganese 
activated cerium magnesium aluminate green phosphor 
(CeMgAI^CXjgiMn 2 *), 22wt% of a trivalent cerium and 
trivalent terbium activated lanthanum orthophosphate 
green phosphor (LaPO^Ce 3 *, 7b 3 *), and 56wt% of a 
trivalent europium activated yttrium oxide red phosphor 
(Y 2 0 3 :Eu 3+ ) was produced (hereinafter, referred to as 
"sample No. 1"). The correlated color temperature of 
sample No. 1 was 3000K and the chromaticity deviation 
from the Planckian locus in the CIE 1960 UCS diagram 
was 0. 

[0071] When the emission spectrum of sample No. 
1 was measured, the energy ratio of the emission 
peak energy in the 505 to 530nm wavelength range to 
the emission peak energy in the 540 to 570nm wave- 
length range was 0.19. Fig 6 shows the results of the 
emission spectrum. 

[0072] As a comparative sample, a fluorescent 
lamp provided with a phosphor layer containing 4wt% of 
a bivalent europium activated barium magnesium alu- 
minate blue phosphor, 42wt% of a trivalent cerium and 
trivalent terbium activated lanthanum orthophosphate 
green phosphor, and 54wt% of a trivalent europium acti- 
vated yttrium oxide red phosphor was produced (herein- 
after, referred to as "sample No. 2"). The correlated 
color temperature of sample No. 2 was 3000K and the 
chromaticity deviation from the Planckian locus in the 
CIE 1960 UCS diagram was 0. When the emission 
spectrum of sample No. 2 was measured, the emission 
peak was substantially not present in the 505 to 530nm 
wavelength range. 

[0073] A space where various colors are present 
was illuminated with samples Nos. 1 and 2, and how the 
illuminated colors in the. space looked was evaluated 
visually. Although, the lamp colors of samples Nos. 1 
and 2 were substantially the same, it was evident that 
sample No. 1 allowed the illuminated colors to look more 
colorful and agreeable than sample No. 2. Furthermore, 
when' the: color gamut area Ga was calculated, Ga of 
sample No. 1 was 111.0; which is much larger, than Ga 
of sample No. 2 of 104:3. 

Example?:. 

[0074] A fluorescent lamp having a phosphor layer 
containing. 9wt% of a* bivalent europium activated bar- 
ium, magnesium* aluminate blue phosphor 
(BaMgAl 10 p 1 7:Ei£ + ) (emission peak wavelength 
450nm), 17wt% of a bivalent manganese activated 
cerium magnesium zinc aluminate green phosphor 
(Ge(Mg t Zn)Al 11 0.) 9 :Mn 24 ) (emission peak wavelength 
518nm), 25wt% of a trivalent ceriumrand trivalent ter- 
biumactivated "lanthanum orthopho^)hate green phos- 
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phor (LaP0 4 :Ce 3+ , Tb 3+ ) (emission peak wavelength 
545nm), and 49wt% of a trivalent europium activated 
yttrium oxide red phosphor <y 2 O z :Eu*+) (emission peak 
wavelength 61 1nm) was produced (hereinafter, referred 
to as "sample No. 3"). The correlated color temperature 
of sample No. 3 was 3605K and the chromaticity devia- 
tion from the Planckian locus in the CIE 1960 UCS dia- 
gram was -0.0032. When the emission spectrum of 
sample No. 3 was measured, the energy ratio of the 
emission peak energy in the 505 to 530nm wavelength 
range to the emission peak energy in the 540 to 570nm 
wavelength range was 0.18. 

[0075] As a comparative sample, a fluorescent 
lamp provided with a phosphor layer containing 1lwt% 
of a bivalent europium activated barium magnesium 
aluminate blue phosphor, 44wt% of a trivalent cerium 
and trivalent terbium activated lanthanum orthophos- 
phate green phosphor, and 45wt% of a trivalent euro- 
pium activated yttrium oxide red phosphor was 
produced (hereinafter, referred to as "sample No 4") 
The correlated color temperature of sample No. 4 was 
3600K and the chromaticity deviation from the Planck- 
fan locus in the CIE 1960 UCS diagram was -0.0031 
When the emission spectrum of sample No. 4 was 
measured, the emission peak was substantially not 
present in the 505 to 530nm wavelength range. 
[0076] A space where various colors are present 
was illuminated with samples Nos. 3 and 4, and how the 
illuminated colors in the space looked was evaluated 
visually. Although the lamp colors of samples Nos. 3 
and 4 were substantially the same, it was evident that 
sample No. 3 allowed the illuminated colors to look 
more colorful and agreeable than sample No. 4 Fur- 
thermore, when the color gamut area Ga was calcu- 
lated, Ga of sample No. 3 was 111.4, which is much 
larger than Ga of sample No. 4 of 104.2. 



540 to 570nm wavelength range was 0.13. 
[0078] As a comparative sample, a fluorescent 
lamp provided with a phosphor layer containing 8wt% of 
a bivalent europium activated strontium chlorophos- 
s phate blue phosphor, 42wt% of a trivalent terbium acti- 
vated cerium magnesium aluminate green phosphor, 
and 50wt% of a trivalent europium activated yttrium 
oxide red phosphor was produced (hereinafter, referred 
to as "sample No. 6"). The correlated color temperature 
10 of sample No. 6 was 3123K and the chromaticity devia- 
tion from the Planckian locus in the CIE 1960 UCS dia- 
gram was -0.0045. When the emission spectrum of 
sample No. 6 was measured, the emission peak was 
substantially not present in the 505 to 530nm wave- 
rs length range. 

[0079] A space where various colors are present 
was illuminated with samples Nos. 5 and 6, and how the 
illuminated colors in the space looked was evaluated 
visually. Although the light colors of samples Nos. 5 and 
20 6 were substantially the same, it was evident that sam- 
ple No. 5 allowed the illuminated colors to look more 
colorful and agreeable than sample No. 6. Furthermore 
when the color gamut area Ga was calculated Ga of 
sample No. 5 was 1 12.0, which is much larger than Ga 
25 of sample No. 6 of 106.3. 

Claims 



Example 4 

[0077] A fluorescent lamp having a phosphor layer 
containing 8wt% of a bivalent europium activated stron- 
tium chlorophosphate blue phosphor 
(Sr^PO^CferEu 2 *) (emission peak wavelength 
450nm), 14wt% of a bivalent manganese activated zinc 
silicate green phosphor (ZnSi0 4 :Mn 2+ ) (emission peak 
wavelength 525nm), 29wt% of a trivalent terbium acti- 
vated cerium magnesium aluminate green phosphor 
(CeMgAlnO^Tb 3 *) (emission peak wavelength 
545nm), and 49wt% of a trivalent europium activated 
yttrium oxide red phosphor (Y 2 0 3 :Eu 3+ ) (emission peak 
wavelength 611mm) was produced (hereinafter 
referred to as "sample No. 5"). The correlated color tem- 
perature of sample Na 5 was 31 15Kand the chromatic- 
ity deviation from the Planckian locus in the CIE 1960 
UCS diagram was -0.0048. When the emission spec- 
trum of sample No. 5 was measured, the energy ratio 
h/fe of the emission peak energy in the 505 to 530nm 
wavelength range to the emission peak energy in the 
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1- A fluorescent lamp comprising a phosphor layer 
30 containing a blue phosphor having an emission 
peak in a 440 to 470 nm wavelength range, a green 
phosphor having an emission peak in a 505 to 530 
nm wavelength range, a green phosphor having an 
emission peak in a 540 to 570 nm wavelength 
35 range, and a red phosphor having an emission 
peak in 600 to 670 nm wavelength range, wherein 

a ratio \^\ 2 of an emission peak energy ^ in a 
wavelength range of 505 to 530nm to an emis- 
sion peak energy l 2 in a wavelength range of 
540 to 570nm is not less than 0.06, and 
a correlated color temperature of the lamp is 
not more than 3700K. 

45 2. The fluorescent lamp according to claim 1, wherein 
the ratio \^l\ z of the emission peak energy I, in a 
wavelength range of 505 to 530nm to the emission 
peak energy l 2 in a wavelength range of 540 to 
570nm is in a range from 0.06 to 0 50 

50 

3. The fluorescent lamp according to claim 1 or 2, 
wherein a color point of the lamp is present in a 
region where a sign of a chromaticity deviation from 
a Planckian locus is minus in a CIE 1960 UCS dia- 

55 gram. 

4. The fluorescent lamp according to claim 3, wherein 
a color point of the lamp is present in a region 
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where a chrbmaticity deviation from a Planckian 
locus is in a range from -0:007 to -0.003 in a CIE 
1960 UCS diagram. 

5. The fluorescent lamp according to any one of s 
claims 1 to 4, wherein the blue phosphor having an 
emission peak in the 440 to 470 nm wavelength 
range is a blue phosphor that is activated with biva- 
lent europium. 

10 

6. The fluorescent lamp according to any one of 
claims 1 to 5. wherein the green phosphor having 
an emission peak in the 505 to 530nrn wavelength 
range is a green phosphor that is activated with 
bivalent manganese. 15 

7. The fluorescent lamp according to any one of 
claims 1 to 6, wherein the green phosphor having 
an emission peak in the 540 to 570nrn wavelength 
range is a green phosphor that is activated with tri- 20 
valent terbium. 



deviation from a Planckian locus is minus in a CIE 
1950 UCS diagram: 

13- The luminaire according to claim 12, wherein a 
color point of the illumination light is present in a 
region where a chromaticity deviation from a Plane- 
Wan locus is in a range from -0.007 to -0.003 in a 
CIE 1960 UCS diagram. 



8. The fluorescent lamp according to any one of 
claims 1 to 7, wherein the red phosphor having an 
emission peak in the 600 to 670nm wavelength 25 
range is a red phosphor that is activated with at 
least one selected from the group consisting of tri- 
valent europium, bivalent manganese and tetrava- 
lent manganese. 

30 

9. A luminaire radiating illumination light comprising a 
combination of emission lights whose emission 
peaks are in 440 to 470 nm, 505 to 530 nm, 540 to 
570 nm, and 600 to 670 nm wavelength ranges, 
wherein 35 

a ratio 1^2 of an emission peak energy h in a 
wavelength range of 505'tb 530nm to an emis- 
sion peak energy l 2 in a wavelength range of 
540 to 570hm is notHess than 0:06, and <o 
a correlated color temperature of the illumina- 
tionMight is*not more than 3700K; 

10. The luminairesaccording v to claim 9 comprising a 
light .source; and: at least* one^ selected -from- the, 45 
group consisting, of a transmitting: plate* and a 
reflecting plate^forconyertinglight radiated fromtfie 
lighfcsource to the illumination light 

11. The luminaire according to claims or 10, wherein so 
the ratio l$/I 2 of the emission^peafcenergy*!^ in the 
wavelengtfvrange.of 505 to'.530nmffl> the' emission 1 
peateenergy l^in the wavelengttnrange ofc540 to 
STOnm-is in arrange from 0.06 to\0.50. 

55 

1*2: The luminaire according to: any. one ofeclaims>9; to- 
1 1; wherein.a color.poirrt of'the*illuminaticrivlight.is 
present' in *a region where assign of ^a-chromattefty. 
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FIG . 2 
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